The last occurrence of Proboscia curvirostris in the North Atlantic marine isotope stages 9-8 by Koc, Nalan et al.
The last occurrence of Proboscia curvirostris in the North Atlantic
marine isotope stages 9-8
N. KocËa,*, L. Labeyrieb, S. MantheÂb, B.P. Flowerc, D.A. Hodelld, A. Aksue
aNorwegian Polar Institute, Polar Environmental Centre, N-9296 Tromsù, Norway
bCentres des Faibles Radioactivites, CNRS-CEA, Gif sur Yvette, France
cDepartment of Marine Science, University of South Florida, 140 Seventh Avenue South, St. Petersburg, FL 33701, USA
dDepartment of Geology, University of Florida, 1112 Turlington Hall, Gainesville, FL 32611, USA
eDepartment of Earth Sciences, Centre for Earth Resources Research, Memorial University of Newfoundland, St. John's, Newfoundland,
Canada A1B 3X5
Received 19 April 2000; accepted 16 October 2000
Abstract
Well-preserved diatoms are present in high sedimentation rate Pleistocene cores retrieved on Ocean Drilling Program (ODP)
Legs 151, 152, 162 and IMAGES cruises of R/V Marion Dufresne from the North Atlantic. Investigation of the stratigraphic
occurrence of diatom species shows that the youngest diatom event observed in the area is the last occurrence (LO) of
Proboscia curvirostris (JouseÂ) Jordan and Priddle. P. curvirostris is a robust species that can easily be identi®ed in the
sediments, and therefore can be a practical biostratigraphic tool. We have mapped its areal distribution, and found that it
stretches from 408N to 808N in the North Atlantic. Further, we have correlated the LO P. curvirostris to the oxygen isotope
records of six cores to re®ne the age of this biostratigraphic event. The extinction of P. curvirostris is latitudinally diachronous
through Marine Isotope Stages (MIS) 9 to 8 within the North Atlantic. This is closely related to the paleoceanography of the
area. P. curvirostris ®rst disappeared within interglacial MIS 9 (324 ka) from the northern areas that are most sensitive to
climatic forcing, like the East Greenland current and the sea±ice margin. It survived in mid-North Atlantic until the conditions
of the MIS 8 (glaciation) became too severe (260 ka). In the North Paci®c at ODP Site 883 the LO P. curvirostris falls within
MIS 8. The observed overlap in age between the North Atlantic and the North Paci®c strongly suggests that the extinction of
P. curvirostris is synchronous between these oceans. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction
During the last decade several high-sedimentation
rate sites were drilled on sediment drifts of the North
Atlantic and the Nordic Seas to study the evolution of
millennial-scale climate variability (i.e. Myhre et al.,
1995; Jansen et al., 1996). Most of these sites have
well preserved calcium carbonate and siliceous
microfossils, which provide excellent opportunities
for re®ning the resolution of the North Atlantic
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biostratigraphic schemes. Based on Ocean Drilling
Program (ODP) Sites 919 and 983 eight Pleistocene
diatom datum events were identi®ed and, for the ®rst
time, tied directly to the oxygen isotope stratigraphy
of the sites (KocË and Flower, 1998; KocË et al., 1999).
On the basis of these datums, four high-latitude North
Atlantic diatom zones were proposed for the Pleisto-
cene (KocË and Flower, 1998; KocË et al., 1999).
The latest diatom datum event recognised in the
Pleistocene sediments of mid-high latitudes of both
the North Paci®c and the North Atlantic is the last
occurrence (LO) of Proboscia curvirostris (JouseÂ)
Jordan and Priddle (1991) (Koizumi, 1992; KocË et
al., 1999). In this study we investigate further the
suitability of this species as a biostratigraphic
marker and the event as a biostratigraphic datum.
We do this by mapping the areal distribution of
P. curvirostris in North Atlantic sediments, and by
correlating the LO P. curvirostris event in six high-
resolution North Atlantic sediment cores to their
oxygen isotope stratigraphies to re®ne the timing
of the event (Fig. 1).
2. Previous records of Proboscia curvirostris in the
North Atlantic
A good biostratigraphic marker should be easily
identi®able and dissolution-resistant. Further, it
should have a wide areal distribution and a short life
span. Proboscia curvirostris (Jordan and Priddle,
1991: p. 57; synonym: Rhizosolenia curvirostris
JouseÂ 1959, p. 48, pl. 2, ®g. 17; Akiba and Yanagi-
sawa, 1986, p. 497, pl. 42, ®gs. 1, 2; pl. 45, ®gs. 1±6),
like all other fossil Proboscia species, is a robust and
dissolution-resistant species. Due to its tubular struc-
ture, termed a ªproboscisº, and marked curvature and
the spines, it is also easily identi®able in the sediments
(Fig. 2).
Proboscia curvirostris is recorded from DSDP/
ODP Sites 552, 606, 607, 609, 610, 611 (Baldauf,
1984; 1987), 646 (Monjanel and Baldauf, 1989),
919 (KocË and Flower, 1998), 981, 982 (KocË, unpub-
lished data), 983 (KocË et al., 1999), and from
MD952014 and MD952027 (this study) in the
North Atlantic (Fig. 1). In the Nordic Seas it is
recorded from ODP Sites 907 (KocË and Scherer,
1996) and 986 (Jansen et al., 1996), and from
MD992278 and MD992285 (KocË, unpublished
data). This suggests quite a wide distribution for P.
curvirostris in the North Atlantic stretching from
408N to 808N (Fig. 1).
3. Material
Six high-resolution cores with well preserved
diatoms and detailed oxygen isotope stratigraphies
were chosen for documentation of the LO Proboscia
curvirostris in the North Atlantic (Fig. 1, Table 1).
Even though P. curvirostris is recorded from several
other sites in the North Atlantic, these sites are not
used to document the LO P. curvirostris since the
resolution of the biostratigraphic studies are too
coarse for the present study. These sites are only
used to document the distribution of P. curvirostris
in the North Atlantic.
Sites MD952027 and DSDP 609 are located
beneath the present North Atlantic Drift ¯ow (Fig.
1). Core MD952027 consists of nanno bearing detri-
carbonate silty clay, and has sedimentation rates of
18 m/100 ka. (Bassinot and Labeyrie, 1996). The
upper 164 m of DSDP 609 consists of interbedded
oozes, marls, and muds with sedimentation rates of
6 m/100 ka (Baldauf et al., 1987). Sites MD952014
and ODP 983 are located on the Bjorn Drift under
the in¯uence of the Irminger Current. These drift
sites have sedimentation rates of 15 m/100 ka. The
sediments at the Bjorn Drift and at Site 983 are pre-
dominantly composed of rapidly accumulated ®ne-
grained terrigeneous particles and minor amounts of
biogenic material (Jansen et al., 1996; Wold, 1994).
Since the sediment build-up mainly consists of
erosion and deposition of terrigeneous material from
the Icelandic slope, resedimentation of biogenic mate-
rial should be minimal. Further, there is no sedimen-
tological evidence for erosion or winnowing at these
sites (Jansen et al., 1996). ODP Site 919 is located on
the continental rise of Southeast Greenland, within the
western part of the Irminger Basin. It is primarily
under the in¯uence of the East Greenland Current.
Sediments at this site are composed predominantly
of silty clay, clayey silt, and clay with silt (Larsen et
al., 1994). Sedimentation rates at this site are in the
order of 18 m/100 ka. ODP Site 646 is situated on the
northern ¯ank of the Eirik Ridge, which is one of
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the large sediment drifts in the northwest Atlantic.
The site is in¯uenced by the present-day subarctic
West Greenland Current. Sediments at this site and
at Eirik Ridge are dominantly terrigeneous clay and
silt (Srivastava and Arthur et al., 1987; Wold, 1994).
Sedimentation rates are in the order of 10 m/100 ka.
Since most of the studied drift sites are build-up of
erosion and deposition of terrigeneous material, we do
not think resedimentation of biogenic material is a
problem at these sites.
4. Methods
ODP Sites 919, 983 and MD952014 and
MD952027 were sampled at intervals of 0.3±1.5 m
to locate the LO Proboscia curvirostris. The sampled
intervals from individual cores and the abundance of
diatoms are listed in Appendix A. In DSDP Site 609
and ODP Site 646 previously published LO levels of
P. curvirostris were used (Baldauf, 1987; Monjanel
and Baldauf, 1989). The sample intervals where the
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Fig. 1. Map of the northern North Atlantic Ocean. Plotted are the general surface circulation and the location of the cores where Proboscia
curvirostris is observed. In cores marked with dots the last occurrence of P. curvirostris is correlated to the oxygen isotope stratigraphy of the
core. MD depicts cores taken by the French RV Marion Dufresne during the IMAGES cruises. All other cores are Deep Sea Drilling (DSDP) or
Ocean Drilling Program (ODP) cores. Surface currents are illustrated with arrows as follows: NADNorth Atlantic Drift; IC Irminger
Current; NCNorwegian Current; EGC East Greenland Current; WGCWest Greenland Current; LC Labrador Current.
LO P. curvirostris is observed in individual cores are
listed in Table 2. Results from ODP Site 983 was
previously published (KocË et al., 1999). In addition
to the previously published results from ODP Site 919
(KocË and Flower, 1998), this site was resampled in
higher resolution between 36 and 46 mbsf around the
LO level of P. curvirostris. Approximately 1±2 g of
dry sample was acid cleaned and mounted on a
4 £ 2.4 cm2 glass for diatom investigations. The
whole slide area was scanned, and qualitative abun-
dance estimates of individual taxa were recorded.
Details of the methods for diatom cleaning and count-
ing procedures for these cores are previously
published (KocË and Flower, 1998; KocË et al., 1999).
Smear slides with 4 £ 2.4 cm2 dimensions were used
for samples from cores MD952014 and MD952027.
Qualitative abundance estimates of diatoms followed
the same procedures as the other cores.
Stable oxygen isotope records of the cores are
measured at the Laboratoire des Sciences du Climat
et de l'Environnement, CNRS by L. Labeyrie and
S. MantheÂ (DSDP 609, MD95-2014, MD95-2027),
University of South Florida by B.P. Flower (ODP
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Fig. 2. Scanning electron microscope (SEM) photographs of Proboscia curvirostris Jordan and Priddle: (a) P. curvirostris Jordan and Priddle
and Nitzschia fossilis (Frenguelli) Kanaya on the right side, Sample 162-983A-9H-3, 49±50 cm; (b) Detail showing a dentate end in Sample
152-919A-7H-7, 40±41 cm; (c) Detail showing a triangular spine, Sample 152-919A-7H-7, 40±41 cm; (d) P. curvirostris Jordan and Priddle,
Sample 152-919A-7H-7, 40±41 cm.
Table 1
Positions of those cores where the last occurrence of Proboscia
curvirostris is correlated to the oxygen isotope stratigraphy of the
core
Core site Latitude Longitude Water depth
(m)
DSDP 609 49853 0N 24814 0W 3883
ODP 646A 58812N 48822 W 3458
ODP 919A 62840.20 0N 37827.61 0W 2088
ODP 983A 60824.20 0N 23838.43 0W 1985
MD 95-2014 60834.93 0N 22804.52 0W 2397
MD 95-2027 41844.67 0N 47824.79 0W 4112
919), University of Florida by D.A. Hodell (ODP 983)
and at the Memorial University of Newfoundland by
A. Aksu (ODP 646). All records are measured on
planktonic foraminifer species. Stable oxygen isotope
records of ODP 919, ODP 646, MD95-2014 are
measured on Neogloboquadrina pachyderma (sinis-
tral) (KocË and Flower, 1998; Aksu et al., 1989; unpub-
lished LSCE data, respectively), that of core DSDP
609 is measured on N. pachyderma (dextral) (KocË et
al., 1999), that of core MD95-2027 is measured on
Globigerina bulloides (unpublished LSCE data), that
of core ODP 983 is measured on N. pachyderma and G.
bulloides (Channell et al., 1997).
5. Results
The LO of Proboscia curvirostris occurs within
Marine Isotope Stages (MIS) 9 and 8 in the investigated
cores (Fig. 3). At ODP Site 919, which is a site at present
in¯uenced by the cold East Greenland current, and at
site MD952014 south of Iceland this event happens
within the second half of MIS 9, and is dated to 317±
308 ka (after Imbrie et al., 1984; Prell et al., 1986;
Martinson et al., 1987) (Table 2). This is the earliest
timing recorded for this event in the investigated
cores. At ODP Site 983 the extinction of P. curvirostris
takes place around the MIS 9/8 transition dated between
299 and 276 ka. Further south, at ODP/DSDP Sites 646,
609 and MD952027 the LO of P. curvirostris does not
occur until towards the end of MIS 8 between 263 and
240 ka. At MD952027, where we have the highest
sampling resolution, the event takes place between
substages 8.4 and 8.2, and is dated to 260±258 ka. A
similar timing is observed also at DSDP Site 609 and
ODP Site 646, where the LO P. curvirostris is recorded
between substages 8.4 and 8.2. However, due to the
larger sampling interval in these cores the event can
not be dated as tightly as in MD952027.
From these results it is clear that the extinction of
Proboscia curvirostris is latitudinally diachronous
within the North Atlantic, and is closely related to
the paleoceanography of the area. P. curvirostris
®rst disappeared from northern areas that are most
sensitive to climatic forcing, like the East Greenland
current and the sea±ice margin. But survived in mid-
North Atlantic until the conditions of the MIS 8
glaciation became too severe. This pattern of climate
evolution is similar to that of MIS 5, where the surface
ocean waters of the Nordic Seas cool much earlier
than the mid-latitude North Atlantic (Cortijo et al.,
1994). We believe that this type of climate evolution
most probably explains the diachronity observed in
the extinction of P. curvirostris through MIS 9 and 8.
6. Discussion and conclusions
Proboscia curvirostris has also a middle to high
latitude distribution in the North Paci®c. Its last
occurrence can be a valuable datum for correlation
between the high-latitude North Atlantic and the
North Paci®c Oceans. Morley et al. (1982) and
Sancetta and Silvestri (1984) dated the extinction
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Table 2
The last occurrence of Proboscia curvirostris recorded in the North Atlantic sediments










ODP 919A 5H-6, 38±39 44.38 5H-6, 68±70 44.68 313±317
MD 95-2014 30.94 31.60 308±314
ODP 983A 4H-2, 49±50 28.39 4H-3, 49±50 29.89 276±299
MD 95-2027 32.70 33.00 258±260
DSDP 609a 2H-3, 43±45 12.02 2H-4, 43±45 13.52 240±263
ODP 646Ab 1H-CC 5.0 3H-1, 128±130 17.0 28±258
a DSDP 609 from Baldauf, 1987.





































Fig. 3. The last occurrence (LO) of Proboscia curvirostris plotted on the oxygen isotope stratigraphy of each core. Oxygen isotope records of cores ODP 919 (Flower, unpublished
data), ODP 646 (Aksu et al. 1989), MD95-2014 (unpublished LSCE data) are measured on Neogloboquadrina pachyderma(sinistral), that of core DSDP 609 (KocË et al., 1999) is
measured on N. pachyderma (dextral), that of core MD95-2027 is measured on Globigerina bulloides (unpublished LSCE data), that of core ODP 983 is measured on N. pachyderma
and G. bulloides (Channell et al., 1997). Marine isotope stage 9 is shaded, and the substages numbered according to Prell et al. (1986). Sampling intervals are plotted as bars on the
left side of the records.
of P. curvirostris at 0.276 Ma and correlated it to
MIS 8 from cores in the subarctic region of the
North Paci®c. Several other authors have dated
the LO of P. curvirostris to 0.250±0.300 Ma in the
middle-high latitude North Paci®c (Akiba, 1986;
Koizumi and Tanimura, 1985; Koizumi, 1986;
Yanagisawa and Akiba, 1998). However, the event
was not correlated directly to the oxygen isotope
stratigraphy of the sites investigated. At present the
only site in the North Paci®c where this event can be
correlated to the oxygen isotope stratigraphy of the
site is ODP Site 883 from the Detroit Seamount
where an upper Quaternary oxygen isotope record
is generated by Keigwin (1995). Morley et al.
(1995) recorded the LO of P. curvirostris in Hole
883B at 15.56 mbsf and dated the event to the
early portion of MIS 8 through the correlation of %
Cycladophora davisiana pattern and the oxygen
isotope records of Holes 883C and D. We translated
this level to the composite depth scale of the oxygen
isotope record of Site 883 through the correlation of
the magnetic susceptibility records of the four Site
883 holes shown in Fig. 1 of Keigwin (1995). We
also ®nd that at ODP Site 883 the LO of P. curvir-
ostris takes place within early MIS 8 (Fig. 4).
Bearing the dating uncertainties of these sites in
N. KocË et al. / Marine Micropaleontology 41 (2001) 9±23 15
Fig. 4. Oxygen isotope record of ODP Site 883 plotted together with the last occurrence (LO) of Proboscia curvirostris (Keigwin, 1995; Morley
et al., 1995). Numbers refer to oxygen isotope stages.
mind, we propose that the observed overlap in age
between the North Atlantic and the North Paci®c
strongly suggests that the LO of Proboscia curviros-
tris falls within MIS 9-8 in both oceans. These results
indicate that there is a high possibility that this event
is synchronous (within the uncertainties of paleocea-
nographic in¯uences which caused diachronity in its
extinction within MIS 9-8) between these two oceans,
and therefore the datum can be used for inter-ocean
correlation.
Even though the observed diachronity of LO of
Proboscia curvirostris in the North Atlantic can be
explained by paleoceanography, why it became
extinct in both the North Atlantic and the North Paci-
®c Oceans exactly within MIS 9-8 can not be
explained so readily. P. curvirostris was not the
only species which went extinct during this period.
Thalassiosira jouseae Akiba also went extinct around
the same time with P. curvirostris both in the North
Atlantic and in the North Paci®c, signalling that a
large scale environmental change had taken place in
MIS 9-8 (Koizumi, 1992; KocË et al., 1999). As indi-
cated by ice volume reconstructions, MIS 8 was not an
especially severe glaciation. In fact the previous
glaciations MIS 10 and MIS 12 were more severe
(McManus et al., 1999). Still, P. curvirostris survived
MIS 10 and 12, but not MIS 8. It is possible that even
though the ice volume reconstructions indicate more
severe glaciations during MIS 10 and 12, the surface
ocean conditions were not accordingly severe. Alter-
natively, some other environmental factor played a
stronger role in this species extinction in MIS 8.
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Appendix A
Notes: B barren, T trace, R rare, F few,
C common, A abundant












1H-1, 41±42 0.410 B C
1H-2, 40±41 1.900 B B
1H-3, 41±42 3.410 B T
1H-4, 40±41 4.900 B B
1H-5, 41±42 6.410 B A
2H-1, 41±42 8.410 B C
2H-2, 40±41 9.900 B A
2H-3, 41±42 11.410 B C
2H-4, 40±41 12.900 B F
2H-5, 41±42 14.410 B A
2H-6, 41±42 15.910 B A
3H-1, 39±40 17.890 B C
3H-2, 38±39 19.380 B B
3H-3, 39±40 20.890 B B
3H-4, 39±40 22.390 B B
3H-5, 40±41 23.900 B F
3H-6, 40±41 25.400 B C
3H-7, 42±43 26.920 B C
4H-1, 39±40 27.390 B C
4H-2, 40±41 28.900 B F
4H-3, 40±41 30.400 B C
4H-4, 41±42 31.910 B C
4H-5, 43±44 33.430 B C
4H-6, 41±42 34.910 B F
4H-7, 40±41 36.400 B C
5H-1, 39±40 36.890 B C
5H-1, 88±90 37.390 B F
5H-1, 128±130 37.790 B C
5H-2, 8±10 38.090 B B
5H-2, 38±39 38.380 B F
5H-2, 48±50 38.490 B C
5H-2, 108±110 39.090 B A
5H-3, 8±10 39.590 B C
5H-3, 39±40 39.890 B R
5H-3, 46±48 39.970 B F
5H-3, 88±90 40.390 B B
5H-3, 126±128 40.770 B C
5H-4, 8±10 41.090 B C
5H-4, 40±41 41.400 B A
5H-5, 8±10 42.590 B C
5H-5, 40±41 42.900 B A
5H-5, 108±110 43.580 B C
5H-6, 8±10 44.080 B C
5H-6, 38±39 44.380 B F
5H-6, 68±70 44.680 F C












5H-6, 108±110 45.090 R C
5H-6, 128±130 45.290 F C
5H-6, 148±150 45.490 F A
5H-7, 8±10 45.580 F C
5H-7, 28±30 45.780 F C
5H-7, 35±36 45.850 F A
6H-1, 39±40 46.390 B B
6H-2, 40±41 47.900 B B
6H-3, 40±41 49.400 B R
6H-4, 40±41 50.900 B R
6H-5, 40±41 52.400 F C
6H-6, 40±41 53.900 F C
6H-7, 40±41 55.400 B B
7H-1, 41±42 55.910 B R
7H-2, 40±41 57.400 B B
7H-3, 48±49 58.980 B B
7H-4, 40±41 60.400 B B
7H-5, 40±41 61.900 R F
ODP Hole 983A
1H-1, 49±50 0.490 B A
1H-2, 49±50 1.990 B C
1H-3, 49±50 3.490 B B
1H-4, 49±50 4.990 B F
1H-5, 49±50 6.490 B F
2H-1, 49±50 9.080 B A
2H-2, 49±50 10.580 B A
2H-3, 49±50 12.080 B C
2H-4, 49±50 13.580 B A
2H-5, 49±50 15.080 B A
2H-6, 49±50 16.580 B B
2H-7, 48±49 18.070 B B
3H-1, 49±50 20.050 B R
3H-2, 49±50 21.550 B A
3H-3, 49±50 23.050 B A
3H-4, 49±50 24.550 B F
3H-5, 49±50 26.050 B C
3H-6, 49±50 27.550 B B
3H-7, 49±50 29.050 B R
4H-1, 49±50 30.850 B R
4H-2, 49±50 32.350 B C
4H-3, 49±50 33.850 F C
4H-4, 49±50 35.350 F A
4H-5, 49±50 36.850 R A
4H-6, 49±50 38.350 B B
4H-7, 49±50 39.850 B B
5H-1, 49±50 42.200 A A
5H-2, 49±50 43.700 A A
5H-3, 49±50 45.200 C A
5H-4, 49±50 46.700 C A
5H-5, 49±50 48.200 C A
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